Cytotoxicity mediated by natural killer (NK) and lymphokine-activated killer (LAK) cells may be of significance in host defense against viral infections. This study included 347 patients infected with human immunodeficiency syndrome virus (HIV) type 1 and 110 controls. The NK cell activity, either unstimulated or stimulated with interferon-tx (IFN-tx) or interleukin-2 (IL2), and the LAK cell activity were suppressed in patients, but the NK/LAK cell activity did not differ between patients with AIDS and patients without AIDS. However, the IFN-ol-stimulated NK cell activity and LAK cell activity were reduced in patients with symptoms of HIV disease (CDCIV) when compared with asymptomatic patients (CDCII + III). When the data were analyzed by multiple linear regression, the percentage of CD4 + cells had a positive effect on these two parameters in patients without AIDS, whereas the percentage of CD4 + cells had no significant effect on unstimulated and IL-2-stimulated NK cell activity in these patients. In controis and AIDS patients, the percentage of CD4 + cells had no effect on NK/LAK cell activity in multiple linear models. The total number of CD16 § cells was low in patients compared to controls, whereas the percentages of CD16 +, CD56 +, and CD16 + CD56 + were either normal or elevated. Therefore, the decrease in NK cell subpopulations did not contribute to the observed depression in NK/LAK cell activity in vitro. It is concluded that natural immunity is suppressed in HIV-seropositive patients primarily because of a qualitative defect of the NK/LAK cells. This qualitative defect includes a reduced responsiveness to IFN-c~, which is progressive until the onset of symptoms, and possibly related to the loss of CD4 + cells.
I
nfection with HIV type 1 causes progressive immunosuppression (1) (2) (3) . This includes suppression of the natural immunity mediated by NK cells (4) (5) (6) (7) (8) (9) (10) (11) (12) and their in vitro counterparts, LAK cells (13) (14) (15) (16) (17) .
NK calls are CD3-large granular lymphocytes that express characteristic NK cell markers such as CD16 and CD56; a subpopulation expresses CD8 (18) . They mediate non-MHC-restricted cytotoxicity and offer potential resistance to viral opportunistic infections mediated by EBV, CMV, herpes simplex, and herpes zoster virus (19) . They also mediate cytotoxic activity against malignant cells and may mediate resistance against AIDS-associated tumors such as Kaposi's sarcoma (18) . The in vitro-generated LAK cells show a broader range of non-MHC-restricted target killing (20) .
The clinical significance and the mechanism of HIV-induced loss of natural immunity are not fully understood, The impaired NK cell activity is observed on the clonal level and is related to defects both at the target and postbinding levels (5). It is not dear whether the suppressed NK and LAK cell activity in HIV-seropositive subjects is caused by mainly low percentage, altered phenotypic appearance, or decreased function of NK cells (6, 10, 12) .
The aim of this study was by use of a large study material to test whether NK and LAK cell activity were related to (a) expression of NK cell related cell markers; (b) prognostic markers of HIV infection; and (c) clinical outcome 0udged by occurrence of AIDS and presence of herpes virus infections and malignancy).
Materials and Methods
Patients. 347 HIV-infected patients agreed to participate in the study; 308 (86%) were male and the median age was 39 yr (quartiles = 33-47 yr). Of all the patients, 266 were homo-or bisexual males, 54 were infected through heterosexual contact, 9 were drug addicts, 6 were hemophiliacs, 10 were infected by blood transfusions, and 9 had unknown risk factors (7 patients had more than one risk factor). 110 (32%) patients had AIDS, AIDS-defining symptoms were Pneumocystis ca~inii pneumonia (PCP) in 55 patients, candidadiasis of the esophagus, trachea, bronchi, or lungs in 26, Kaposi's sarcoma in 26, toxoplasmosis of the brain in 19, cytomegalovirus infection in 11, HIV wasting syndrome in 8, disseminated atypical mycobacteriosis in 6, and other AIDS-defining events in 23. Patients were further subclassified by use of The Center for Disease Control (CDC) 1 system of classification. 132 asymptomatic patients were classified into CDC group II and CDC group III (CDCII+III), whereas 215 patients with symptoms related to HIV infection were classified to CDC group IV (CDCIV). A control group of 110 HIV-seronegative subjects (89% males) not at risk for HIV infection with a median age of 39 yr (quartiles = 33-49 yr) was used for comparison.
Blood Sampling and Isolation of Blood Mononuclear Cells (BMNC). /zl supernatant was transferred to new tubes and radioactivity was determined. Spontaneous release was determined by incubation of 100/~1 target cells with 100/~1 medium and maximum release by incubation of 100/~1 target cells plus 100/~1 medium with 10% Triton X-IO0. Percentage of S~Cr release (NK cell activity) was determined by the equation percent of lysis (test-spontaneous)cpm = x 100, (maximum-spontaneous)cpm and was given as mean of triplicates. For subjects with NK cell activity >5% (214 patients, 91 controls) lyric units (LUgs) were calculated. One LUls is the number of effector cells required to achieve 15% cytotoxicity of K562 as derived from a titration curve of twofold serial dilutions of effector cells. One LUls/106 CD16 § ceUs is the number of LU1s in 106 CD16 + cells. In each assay, three preparations of cryopreserved BMNC obtained from buffy coats were also analyzed. Whenever two out of three control preparations were outside their normal range (mean +_ 2 SD), the assay was rejected. On average, SlCr spontaneous release never exceeded 15% and was 8% of maximum release. Three controls and six patients (three non-AIDS, three AIDS) had NK cell activity measured by use of fresh and frozen BMNC of the same blood sample. Frozen cells had in general a slightly reduced cytotoxic activity; the effect differed between assays, whereas the relative decrease was similar in patients and controls (data not shown). Statistical Analysis. Since the data did not have a normal distribution, they are presented as medians, 1. and 3. quartiles. Groups were compared by rank sum tests with P = 0.05 as the significance level. Initially, NK/LAK cell activity was compared between groups at an E/T ratio of 50:1, and only if this was significant, other E/T ratios were compared. Correlations and multiple linear regression were used to examine relations between different markers within each group, BMDP (Los Angeles, CA) and SYSTAT (Evanston, IL) statistical software were used.
Results

NK and LAK Cell
Activity. Unstimulated NK cell activity expressed at E/T ratios of 100:1, 50:1, 25:1, or 12.5:1 was suppressed in the patients compared to controls (P <10-9 in all E/T ratios; Fig. 1 ). Unexpectedly, no difference was found between patients with AIDS and patients without AIDS (P = 0.9 at an E/T ratio of 50:1; Fig. 1 ). Furthermore, there was no difference between CDCII+III patients and CDCIV patients (P = 0.2 at an E/T ratio of 50:1; Table 1 ) or between patients who had and had not developed Kaposi's sarcoma, lymphoma, or herpes virus infections (data not shown). (Table 1) . NK cell activity stimulated by I1:2 or IFN-c~ was reduced in patients compared to controls, whereas patients with AIDS had similar activity as patients without AIDS (Table 2) . It also appears from Table 2 that the NK cell activity evaluated by percentage of lysis of target cells was boosted with II.-2 to the same extend in patients and controls, whereas there was an impaired Table 1 Median, quartiles, and P values are shown.
The LAK cell activity was lower in patients than in controls (P <10 -9 in all E/T ratios), but no difference was found between patients with AIDS and patients without AIDS (P = 1 at an E/T ratio of 50:1; Fig. 2). Patients in CDCIV had lower LAK cell activity in E/T ratio 50:1 and E/T ratio
25:1 compared to patients in CDCII + III
IFN-o~ boosting of NK cell activity in the patients. Patients in CDCIV had reduced IFN-cz-stimulated NK cell activity when compared to patients in CDCII+III, whereas the IL-2-stimulated NK cell activity did not differ between these two subgroups (Table 1) .
Lymphocyte Su~opulations, The percentages of CD16 + and CD16 + CD56 + cells did not differ between patients and controls (P = 0.3 vs P --0.2), but the percentages of CD56 + and CD16 + CD8 + NK cell subtypes were higher in patients compared to controls (P <0.0001). The percentage of CD16 + CD8 + ceils did not differ between patients with AIDS and patients without AIDS (P = 0.3), but the percentages of all other NK cell subtypes were higher in the AIDS group compared to the non-AIDS group (P <0.0001). The total concentrations of CD16 + and CD16 + 56 + cells were lower in patients compared to controls (P = 0.0007 vs P = 0.0003), whereas the total concentration of CD56 + cells did not differ between patients and controls (P = 1.0) and the concentration of CD16 + CD8 + cells was elevated in the patient group (P = 0.0004). The total concentrations of all NK cell subsets were suppressed in the AIDS group compared to the non-AIDS group (Table 3) . The percentage and absolute number of CD8 + cells were elevated in patients compared to controls. There was a slight increase in the percentage of CD8 + cells in the AIDS group compared to the non-AIDS group, whereas the total number of CD8 + cells was twofold increased in the non-AIDS group compared to the AIDS group (Table 3 ). The percentage of CD3 + cells did not differ between patients and controls, whereas the total concentration of CD3 + cells was lower in 
Median, quartiles, and P values are shown. All NK/LAK cell activities are at E/T ratio 50:1. C, controls; P, patients; N, non-AIDS; A, AIDS. Table 3) . The percentage and concentration of CD4 § cells were, as expected, reduced in the AIDS group compared to the non-AIDS group, and it appears that the freezing procedure did not influence the CD4 count in either of the patient groups ( Table 3 ). The differences in lym_phocyte subpopulations between AIDS and non-AIDS patients were also found when patients in CDCII+III were compared with patients in CDCIV, except that there were Table 4 Results of correlation analyses P values and correlation coeffacients (r) are shown. ND, not done. All NK/LAK cell activities are at E/T ratio 50:1.
. Correlation between NK and LAK Cell Activity and Lymphocyte Subsets in Pe@heral Blood
no differences in concentrations of CD56" and CD16 § CD56 + cells between these two patient groups (data not shown).
Correlation Analysis. For patients, an inverse correlation was found between the percentage of CD4 § cells and percentages of all NK cell subtypes and CD8 § cells, whereas there was no correlation between the percentage of CD4 + cells and the total number of any NK cell subtypes or CD8 § cells, (Table 3 ) and no correlation between the percentage of CD4 § cells and the proportions of CD16 § NK cells coexpressing CD8 or CD56 (data not shown). The percentage of CD4 § cells correlated to percentage and total number of CD3 + cells (Table 3) . To examine the mechanisms behind the suppressed NK and LAK cell activity in patients, the unstimulated NK cell activity E/T ratio 50:1, the ILo2-and IFN-c~-stimulated NK cell activity, and the LAK cell activity E/T ratio 50:1 were correlated to proportions of the different NK cell subsets (CD16 +, CD56 § CD56+CD16 +, CD16+CD8 § for patients and controls (Table 4) . A positive correlation was found between the unstimulated as well as the IL-2-and IFN-c~-stimulated NK cell activity and the percentages of CD16 § CD56 § and CD16 § CD56 § cells in both groups, whereas there was no correlation to the percentage of CD16 § CD8 + cells in either group. In the controls, the LAK cell activity did not correlate to any of the NK cell subsets. In the patients, the LAK cell activity positively correlated to the percentages of CD56 + cells and CD16 + CD56 + cells (Table 4) .
In patients, a weak positive correlation was found between IFN-ot-stimulated NK cell activity and the percentage of CD4 + cells (r = 0.15), whereas the unstimulated NK cell activity E/T ratio 50:1, the IL-2-stimulated NK cell activity, and the LAK cell activity E/T ratio 50:1 did not correlate tO the percentage of CD4 § cells (Table 4 ). The relationships between NK/LAK cell activity and the percentage of CD4 + cells were analyzed separately in patients with AIDS and patients without AIDS. In non-AIDS patients, the IFNor-stimulated NK cell activity did correlate with the percentage ofCD4 + cells (r --0.19, P = 0.009); this correlation, however, was not found in AIDS patients (data not shown). The unstimulated and Ib2-stimulated NK cell activity and the LAK cell activity did not correlate to the percentage of CD4 § cells in neither group (data not shown). The unstimulated NK cell activity per NK cell (LU15/106 CD16 § cells and LUls/106 CD56 + cells) did not correlate with the percentage of CD4 + cells in patients (data not shown). In contradiction to this, a negative correlation was found between the NK cell activity, either unstimulated or stimulated by IL-2 or IFN-c~, and the percentage of CD4 + cells in controls, whereas no correlation was found between LAK cell activity and the percentage of CD4 + cells (Table 4 ).
The NK cell activity, either unstimulated or stimulated with ILo2 or IFN-ot, and the LAK cell activity did not correlate to the HIV antigen titer, IgG, IgA, or IgM in patients (Table 5) . A weak inverse correlation was found between 32-microglobulin titer and IFN-ot-stimulated NK cell activity or LAK cell activity (r =-0.21 vs r = -0.19; Table 5 ).
The relationship of NK/LAK cell activity with other parameters was further analyzed in patients with AIDS and patients without AIDS, as well as in controls, by means of multiple linear regression. The square roots of the unstimu o lated NK cell activity (E/T ratio 50:1), the IL-2-and IFNor-stimulated NK cell activity, and the LAK cell activity (E/T ratio 50:1) were included in the models as dependent parameters in patients and controls. The square roots of the dependent parameters were used to obtain normal distribution of the Results of multiple linear regression: parameters included in models, their coei~cients _+ SE, and P values of the parameters in F test are shown. Independent variables were transformed by taking the square root before they were included in the models. All NK/LAK cell activities are at E/T ratio 50:1.
residuals. The dependent variables in each group were the percentages of CD4+, CD16+, and CD56 + cells. In patients, the following additional independent parameters were included in the model: HIV antigen titer, IgA, IgG, IgM, and B2-microglobulin. These additional dependent parameters were all insignificant in models including the percentages of CD4 + , CD16 + , and CD56 + cells. It appears from Table 6 that regarding the NK cell activity in controls (unstimulated or stimulated by I1-2 or IFN-c~), the percentage of CD16 + cells contributed the most to the variation in cytotoxicity, whereas the percentages of CD56 + and CD4 cells were without significant effect. However, in patients without AIDS, the percentage of CD56 + cells, not the percentage of CD16 + cells, explained the variation in cytotoxicity (Table 6 ). In patients without AIDS, the percentage of CD4 + cells also had a significant effect on the IFN-ot-stimulated NK cell activity and the LAK cell activity (Table 6) . In AIDS patients, however, the percentages of CD4 + and CD16 + cells had no influence on NK/LAK cell activity, whereas the percentage of CD56 + cells had a significant effect on the unstimulated NK cell activity, but no influence on the stimulated NK and LAK cell activities (Table 6 ). In patients, a strong correlation was found between the LAK cell activity and the NK cell activity, either unstimulated or stimulated with IFN-ot or II,-2 (r = 0.46, P <0.001, r --0.58, P <0.001, r = 0.53, P <0.001, respectively; E/T ratio 50:1), whereas in controls, this correlation was weaker (r = 0.27, P = 0.009, r = 0.32, P = 0.002, r = 0.39, P <0.001, respectively).
Discussion
Knowledge about the percentual distribution of NK cells among BMNC is important to evaluate the functional in vitro NK cell assay, in which fixed numbers of BMNC are studied. However, knowledge about the total concentration of NK cells is important to evaluate the NK cell activity in vivo. This study shows that in HIV-seropositive patients, the percentages of all NK cell subtypes are elevated or not different from that of controls. Since the fractions of CD16 § CD56 +, and CD16+56 + cells were not decreased, the defective in vitro NK cell activity (lysis per fixed number of BMNC) in HIV-seropositive subjects must be caused by a defective lytic capacity of each NK cell, as suggested by others (5, 8, 11, 21) . Pearson correlation analysis revealed that the NK cell activity correlated to the percentages of CD16*, CD56 +, and CD16+CD56 + cells in patients and controls, but not to the CD16+CD8 + cell subgroup, which is in line with the assumption that the majority of human NK cell activity is mediated by' the CD16 +, CD56 § and CD16+CD56 + cells (18) . However, through multiple linear regression, it was concluded that in controls, the percentage of CD16 + cells was the only parameter tested with any significant effect on NK cell activity, whereas in patients, the percentage of CD16 + cells had almost no effect on NK cell activity. These results could indicate that a specific defect exists in the CD16 + cell population in subjects with HIV infection. If the cytotoxic function of these cells declines, the importance of the CD56 + cells increases. This could explain the finding that the LAK cell activity correlated to the percentages of CD56 + and CD16 + CD56 + cells only in the patient group. However, others have reported a correlation in LAK cell activity to the percentage of CD56 + cells in HIV-seropositive patients, as well as in healthy HIV-seronegative individuals (13) , but since the percentage of CD56 + cells was not decreased in the present study's patients, low fractions of this subpopulation could not explain the depressed in vitro LAK cell activity in HIV infection.
Our findings agree with studies showing normal percentages of CD16 + (10) or CD56 + cells (13) , whereas others have shown that the percentages of CD16 + and CD16 + CD8 + NK cells were low in HIV-seropositive subjects (6, 22) . The function of NK cells in HIV-seropositive subjects differed from that of controls in their responsiveness to IFN-ct. The patients' NK cells were boosted with IFN-ct to a lesser degree than cells of controls, in accordance with previous studies (8, 23) , whereas I1-2 boosted the NK cell activity to the same degree in both groups, but without restoration of the defective cytotoxic activity in patients as suggested by others (9, 11) . It has been suggested that a serum factor contributes to the suppression of the NK and LAK cell functions, but this factor has not been fully identified (16, 24, 25) . Our study showed that there was no correlation between NK cell activity and concentrations of immunoglobulins or HIV antigen in serum.
Some studies have shown that the NK (8) and LAK (16) cell activities in HIV-seropositive subjects decrease with disease progression. Others were unable to show differences in cytotoxicity between AIDS-rdated complex and AIDS patients (10, 11) . Our study showed that NK cell activity, either unstimulated or stimulated, and LAK cell activity did not differ between the AIDS group and the non-AIDS group. Furthermore, the NK and LAK cell activities did not differ between patients with disseminated CMV infection, malignant lymphoma, or Kaposi's sarcoma, compared to those without these AIDS-defining disorders. However, when the CDC classification system was used, it revealed a difference between CDCII + III and CDCIV in IFN-ot-stimulated NK cell activity and LAK cell activity. The interpretation of these results is that the defect in these two forms of stimulated cytotoxicity is progressive until the early symptomatic stage of HIV infection, whereas no further progression is seen by the onset of overt AIDS. In line with these observations, there was a positive effect on IFN-oe-stimulated NK cell activity and LAK cell activity by the percentage of CD4 + cells in multiple linear regression in patients without AIDS. None of the other classical progression markers, including IgG, IgA, HIV antigen, and B2-microglobulin were of any importance for NK/LAK cell activity when tested in a model including the percentages of CD4 +, CD16 +, and CD56 + cells. This, combined with the fact that the effect of the percentage of CD4 cells on NK/LAK cell activity is only seen in patients, indicates that the loss of CD4 + cells could have a direct influence on the decrease in NK/LAK cell activity in HIV infection. The fact that IFN-c~-stimulated NK cell activity and LAK cell activity are correlated to the percentage of CD4 § cells and are different between CDCII+III and CDCIV NK cell activity indicates that the defect in HIV disease of these two measures of natural immunity is more specific and of greater importance compared to, e.g., the unstimulated and IL-2-stimulated NK cell activity. Not only the loss of CD4 + cells, but also changes in the function of these cells, could contribute to the defective natural immunity in HIV disease. The important finding of an imbalance in the Thl-and Th2-type responses that contribute to the loss of T cell response to recall antigens and, finally, loss of reactivity to mitogens (26) may be extended to also include a loss of non-MHC-restricted cytotoxic activity.
The finding of a lower CD16 + cell count in patients compared to controls is in accordance with the findings of Mansour et al. (6) . However, the finding that the concentration of the CD16+CD8 + subgroup was elevated in patients compared to controls is in contrast to the findings by Mansour et al. (6) , who described a selective depletion of this subgroup. In accordance with previous findings (6, 8) all the NK cell subsets had a higher percentage, but a lower total cell count in the AIDS group compared to the non-AIDS group. The mechanisms behind the loss or decreased production of NK cells are not understood. It has been suggested that HIV can infect NK cells (7, 27, 28) , whereas other studies report only nonproductive HIV infection of NK cells (29) . Active in vitro HIV infection of NK cells after infection with human herpesvirus 6 has been described (30) . The present study shows that the lower NK cell count is determined by a lower total lymphocyte count in the AIDS patients. This might be related to a weakened bone marrow function in AIDS patients (reviewed in 31).
The results presented in this paper have been obtained by the use of frozen cells. Since freezing did not affect the FACS | analysis of lymphocyte subsets, and since it had the same effect on NK cell activity in patients and controls, as well as in AIDS and non-AIDS patients, it is unlikely that the conclusions of this paper are to any major extent influenced by the use of frozen cells.
We conclude that the non-MHC-restricted cytotoxicity is impaired in HIV patients primarily because of a qualitative defect of the NK and LAK cells. This study dearly shows an early defect in NK/LAK cell activity in HIV infection, which for the unstimulated NK cell activity, does not progress by onset of symptoms. However, the defect in IFNa-stimulated NK and LAK cell activities is, however, progressive until the onset of symptoms, and it is related to the loss of CD4 + cells.
